Phenomenal advances in technology have made computers and visual display terminals an integral part of our professional and personal life.\[[@ref1]\] There is extensive use of computers as a medium of teaching and learning in universities. Doctors are now able to hold textbooks on their smartphone and use resources such as medical calculators and drug formularies.\[[@ref2]\] This calls for introspection into the potential deleterious health disorders resulting due to increased "screen time" in digital natives.

Computer vision syndrome (CVS) encompasses a constellation of ocular and extraocular symptoms in computer users who are either habitually or on compulsion using computers for a long time during day and night.\[[@ref1][@ref3]\] These symptoms comprise of dry eyes, irritated eyes, eye strain/fatigue, blurred vision, red eyes, burning eyes, excessive tear secretion, double vision, headache, light or glare sensitivity, contact lens discomfort, slowness in changing focus, changes in color perception, and neck, shoulder, and backache. CVS can be due to ocular (ocular-surface abnormalities or accommodative spasms) and/or extraocular (ergonomic) etiologies.\[[@ref4]\]

Awareness is an important step in healing. It is of utmost importance for future doctors to be aware of what is going on in the society. Prevention remains the mainstay in managing of CVS.\[[@ref5]\] Reasonable knowledge gives understanding, and understanding the disease gives the key to implement early preventive measures and treatment initiation.

Endogenous melatonin rhythm exhibits a close association with the endogenous circadian component of the sleep propensity rhythm. Thus, melatonin is an internal sleep "facilitator" in humans.\[[@ref6]\] Owing to their consistency, efficiency, and durability, light-emitting diodes (LEDs) have become the prevalent light source in electronic devices such as computers, smart phones, tablets such as iPads and e-readers, and large liquid crystal display television sets. Although the light emitted by most LEDs appears white, LEDs have peak emission in the blue light range (400--490 nm).\[[@ref7][@ref8]\] This emitted optical radiation at short wavelengths is close to the peak sensitivity of melatonin suppression.\[[@ref9]\] Using a tablet (e-reader) at night just before sleeping while in bed induces circadian phase delay and melatonin suppression altering sleep quality,\[[@ref10][@ref11]\] while enhancing alertness and cognitive performance.\[[@ref11][@ref12][@ref13]\] Elimination of short wavelength using appropriate blocking goggles in the evening can improve sleep duration and quality\[[@ref9][@ref14]\] and reduce subjective alertness.\[[@ref15]\] Electromagnetic field exposure in the evening influences physiological factors such as sleep quality and the melatonin rhythm.\[[@ref16]\]

Memory consolidation through the gradual assimilation of episodic memories into long-term memory is strongly influenced by sleep.\[[@ref17]\] Given that sleep and its specific architecture serves vitally important physiological, cognitive, and psychological processes, restoring sleep is essential in adults as well as in children and adolescents.\[[@ref18]\] The consequences of sleep deprivation and daytime sleepiness are especially problematic to college students and can result in lower grade point averages, increased risk of academic failure, compromised learning, impaired mood, and increased risk of motor vehicle accidents.\[[@ref19]\]

There is a paucity of Indian studies assessing the level of awareness and knowledge among medical students and the quality of sleep in those with CVS. This study is an attempt to fill in this knowledge gap.

MATERIALS AND METHODS {#sec1-2}
=====================

This cross-sectional, analytical study was conducted among I and II year MBBS students of a deemed to be university situated in an urban area. The ethical permission to conduct the study was obtained from the institutional ethical committee. Written informed consent was taken from all the individuals.

Sample {#sec2-1}
------

The study was conducted in 500 medical students (250 I year MBBS students and 250 II year MBBS students). Confidentiality of the information was maintained thoroughly by excluding names as identification in the questionnaire and keeping individual results secured. Since 9 students did not consent, 16 questionnaires were incomplete, and 12 were incorrectly filled, the final sample size was 463.

Procedure {#sec2-2}
---------

Initially, the students were asked to fill a pro forma designed to collect sociodemographic data (age, gender, ethnicity, year of MBBS, previous diagnosis of eye diseases, and family with history of eye diseases). Then, the students were given self-administered questionnaires to fill up.

Plan of the study is shown in [Figure 1](#F1){ref-type="fig"}.

![Plan of study](IPJ-28-68-g001){#F1}

Questionnaire 1 tested for awareness and knowledge: having heard of CVS was defined as "awareness" and having some understanding of CVS was defined as "knowledge." For rating knowledge, score of 3 and below was taken as poor, score of 4--6 was taken as average, and score of 7 and above was taken as good. This questionnaire was given to all I and II MBBS students without applying any inclusion/exclusion criteria.

Questionnaire 2 tested whether the individual suffers from any symptoms suggestive of CVS or not. The study included only those students who actually used digital device (computer, tablet, smart phone) in the past 1 month. Of these, all those suffering from any eye diseases were excluded. Symptoms of CVS were adapted from a previous study and involved dry eyes, irritation, eye strain/fatigue, blurred vision, red eyes, burning eyes, excessive tear secretion, double vision, headache, light or glare sensitivity, contact lens discomfort, slowness in changing focus, changes in color perception, and neck, shoulder, and backache.\[[@ref4]\] Due to the absence of a definite diagnostic criterion for CVS, "presence of CVS" was defined as the presence of any one of the above symptoms experienced during or after prolonged digital device use during the past 1 month. The individuals had to indicate whether they experienced no symptoms, mild (transient symptoms for few minutes to hours), moderate (for few hours but and abates after rest or sleep), or severe (requires referral to a doctor) visual problems during or after using digital device.\[[@ref20]\]

Questionnaire 3 comprises of the Pittsburgh sleep quality index (PSQI) -- a self-rated questionnaire assessing sleep quality over a 1-month time interval. It has been used in many settings, including research and clinical activities, and has been used in diagnosis of sleep disorders. PSQI studies seven components of sleep, the sum of which gives the global PSQI score ranging from 0 to 21, where lower scores denote a healthier sleep quality and higher scores indicate worse sleep quality. Individuals who get PSQI global score of 5 or less were classified as "good sleepers" and those who get \> 5 as "poor sleepers." The PSQI has internal consistency and reliability coefficient (Cronbach\'s alpha) of 0.83.\[[@ref21]\]

Statistics {#sec2-3}
----------

Statistical analysis of the data was done using the software SPSS version 20 (IBM, USA) after filling the data in excel sheet. Statistical tests used included Chi-square test, odds ratio, 95% confidence interval, and Mann--Whitney U-test.

RESULTS {#sec1-3}
=======

In our study, the mean (±standard deviation) age of the 463 individuals (1^st^ and 2^nd^ year medical students) was 19.55 (±1.04) years. Distribution of different demographic variables, knowledge about CVS, frequency of CVS, and sleep quality scores are given in [Table 1](#T1){ref-type="table"}. [Table 2](#T2){ref-type="table"} depicts the presence of CVS according to gender. Males showed higher prevalence of CVS -- 80.22% as compared to females -- 75.87%, although the difference was not statistically significant. Poor quality of sleep was seen in 75.49% of individuals with CVS as compared to 50.96% in individuals without CVS, and it is statistically significant (ODD\'S ratio \[95% confidence interval\]: 0.338 \[0.214--0.531\]) \[[Table 3](#T3){ref-type="table"}\]. All the components of PSQI score have statistically significantly higher values in individuals with CVS as compared to those in individuals without CVS, except component 1 and 6 \[[Table 4](#T4){ref-type="table"}\]. About 34.1% of the medical students were aware of CVS (had heard of CVS) and 65.9% were not aware of CVS (had not heard of CVS) \[[Figure 2](#F2){ref-type="fig"}\]. Moderate symptoms were present in 50.8%, mild in 24.8%, severe in 2.2%, and 22.2% medical students had no symptoms of CVS \[[Figure 3](#F3){ref-type="fig"}\]. Spearman\'s rank correlation coefficient (Spearman\'s rho = 0.102, *P* = 0.028) showed that there is a weak positive but significant correlation between hours spent in front of computers with Global PSQI score \[[Figure 4](#F4){ref-type="fig"}\].

###### 

Distribution of different variables among the study sample

  Variables                           Groups        Number of participants (*n*=463), *n* (%)
  ----------------------------------- ------------- -------------------------------------------
  Age (years)                         ≤20           378 (81.6)
  \>20                                85 (18.4)     
  Gender                              Male          177 (38.2)
  Female                              286 (61.8)    
  Knowledge score                     Poor          109 (23.54)
  Average                             250 (53.99)   
  Good                                104 (22.46)   
  CVS                                 Present       359 (77.5)
  Absent                              104 (22.5)    
  Sleep quality                       Poor          324 (70.0)
  Good                                139 (30.0)    
  Hours spent in front of computers   ≤2            156 (33.69)
  \>2                                 307 (66.31)   

CVS -- Computer vision syndrome

###### 

Prevalence of computer vision syndrome according to gender

  Gender   CVS           OR           95% CIs   *χ*^2^ test, *P*   
  -------- ------------- ------------ --------- ------------------ -------------
  Male     142 (80.23)   35 (19.77)   1.29      0.816-2.04         0.95, 0.330
  Female   217 (75.87)   69 (24.13)                                

CIs -- Confidence intervals; OR -- Odds ratio; CVS -- Computer vision syndrome

###### 

Comparison of sleep quality in individuals with and without computer vision syndrome

  CVS       Sleep quality   OR           95% CIs   *χ*^2^ test, *P*   
  --------- --------------- ------------ --------- ------------------ ----------------
  Present   271 (75.49)     88 (24.51)   0.338     0.214-0.531        21.94, \<0.001
  Absent    53 (50.96)      51 (49.04)                                

CIs -- Confidence intervals; OR -- Odds ratio; CVS -- Computer vision syndrome

###### 

Comparison of various components and total score of Pittsburg sleep quality index in individuals with and without computer vision syndrome

  PSQI                                     CVS, mean±SD   Mann-Whitey U-test   *P*          
  ---------------------------------------- -------------- -------------------- ------------ ---------
  Component 1: Subjective sleep quality    1.173±0.818    1.000±0.763          16,601.50    0.063
  Component 2: Sleep latency               1.306±0.928    0.942±0.651          14,707.500   0.000\*
  Component 3: Sleep duration              1.429±0.927    1.038±0.891          14,429.000   0.000\*
  Component 4: Habitual sleep efficiency   0.688±0.867    0.471±0.723          16,260.500   0.025\*
  Component 5: Sleep disturbances          1.028±0.801    0.721±0.582          14,528.000   0.000\*
  Component 6: Use of sleep medications    0.178±0.551    0.125±0.434          18,243.000   0.518
  Component 7: Daytime dysfunction         1.139±1.903    0.577±0.706          13,695.000   0.000\*
  Total score                              6.791±3.255    4.808±2.190          11,657.000   0.000\*

\*Significant. PSQI -- Pittsburg sleep quality index; SD -- Standard deviation; CVS -- Computer vision syndrome

![Diagram representing the percentage of medical students aware and unaware of computer vision syndrome](IPJ-28-68-g002){#F2}

![Diagram representing the severity of symptoms of computer vision syndrome in medical students](IPJ-28-68-g003){#F3}

![Correlation between hours spent in front of computers and global Pittsburgh sleep quality index score](IPJ-28-68-g004){#F4}

DISCUSSION {#sec1-4}
==========

The prevalence of CVS was found to be 77.5% (359/463) in the present study \[[Table 1](#T1){ref-type="table"}\]. Our finding is consistent with an earlier study that reported a prevalence rate of 78.6% in medical students and 81.9% in engineering students.\[[@ref20]\] Ranasinghe *et al*.\[[@ref22]\] and Reddy *et al*.\[[@ref23]\] found prevalence rate of 67.4% and 89.9% in their respective studies. It was also seen, in our study, that CVS was relatively more prevalent in males (80.22%) as compared to females (75.87), though statistically insignificant \[[Table 2](#T2){ref-type="table"}\]. Logaraj *et al*.\[[@ref20]\] found higher prevalence of dry eyes in males as compared to females. On the contrary, number of studies have found that CVS was more prevalent in females as compared to males.\[[@ref22][@ref24][@ref25][@ref26][@ref27]\] This was attributed to dry eye being more prevalent in females.\[[@ref28]\] Awareness of CVS among the participants in our study was found to be only 34.1%. The scores for knowledge regarding various aspects of CVS showed that only 23.54% medical students had poor knowledge, while 53.99% and 22.46% had average and good knowledge, respectively. This finding of our study concurs with an earlier study which found the awareness of CVS to be only 26.4% in students of faculty of medical sciences.\[[@ref25]\] In contrast, the majority of undergraduate students (87%) of medical, pharmacy, and nursing faculties were aware of the bad effects of prolonged use of computer on the eye.\[[@ref23]\] Although all Indian ophthalmologists were aware of CVS, they were confused regarding the treatment modalities for CVS.\[[@ref29]\]

CVS is still underdiagnosed, and there is a need to make people aware of the bad effects the prolonged use of gadgets has on eyesight.\[[@ref30]\] Ranasinghe *et al*.\[[@ref20]\] reported that ergonomics\' practices and knowledge was associated significantly with increased risk of developing CVS, attributing this to higher knowledge among frequent computer users with higher daily computer usage than among infrequent computer users. They found that in those who had heard of the term "ergonomics," only 44.6% implemented them at work place as 25.5% were not convinced about the impact of digital devices. This shows that the prevalent level of awareness and knowledge of CVS among students is insufficient, and there is less translation of knowledge into practice. If medical students are not aware and having the requisite knowledge, they would harm their own and others health as well, raising quite an alarming situation.

In the present study, majority of individuals with CVS had moderate symptoms (50.8%), 24.8% had mild symptoms, 2.2% had severe symptoms, while 22.2% had none. This indicates that the rest needed for the symptoms to subside would certainly cause interruptions in the work (studying in this case) performed leading to poor performance.

About 66.31% participants spent \>2 h/day with various devices such as mobile, i-pad, laptop, and computer. In an earlier study, 94.4% individuals used computers for \>2 h/day.\[[@ref24]\] Our study showed poor positive but significant correlation between hours spent in front of computers with global PSQI score \[[Figure 3](#F3){ref-type="fig"}\]. A significant association of hours of usage and sleep indices has been observed.\[[@ref31]\] Quality of sleep in individuals with CVS is poorer as compared to that in individuals without CVS, and it is statistically significant (odd\'s ratio \[95% confidence interval\]: 0.338 \[0.214--0.531\]). Hence, CVS is associated with poor sleep quality. Overall, it was found that only 24.5% were good sleepers (PSQI global score of 5 or less), and 75.5% were "poor sleepers" (PSQI \> 5), and this may be linked to the high prevalence of CVS in our study sample. It has been reported in various studies that sleep quality is affected by high usage of digital devices.\[[@ref10][@ref31][@ref32][@ref33][@ref34][@ref35]\]

All the components of PSQI score have statistically significant (*P* \< 0.05) higher values in individuals with CVS as compared to those in individuals without CVS, except component 1 and 6 \[[Table 4](#T4){ref-type="table"}\]. This implies that sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, and daytime dysfunction are affected significantly with the usage of digital devices. Only use of sleep medications and subjective sleep quality showed no statistically significant difference in between the two groups. There can be various mechanisms underlying the poor sleep associated with electronic media use: Electronic media use may displace sleep due to its time-consuming nature.\[[@ref36]\] It may cause interference with sleep through increased psychophysiological arousal.\[[@ref36]\] Considering the reverse causality that some adolescents actively use media and technology as a sleeping aid, or to counteract boredom when not being able to sleep, the relationship between poor sleep and electronic media use tends to reflect a self-perpetuating cycle.\[[@ref37]\] Blue light emission of the screen of devices may affect sleep: light mediates the synchronization of mammalian circadian rhythms with environmental time by modulating retinal input to the circadian pacemaker -- the suprachiasmatic nucleus (SCN) of the hypothalamus.\[[@ref38]\] The SCN contains neurons exhibiting a circadian pattern of activity and regulating melatonin secretion by the pineal gland in response to the environmental light/dark cycle.\[[@ref39]\] Melatonin hormone released in dim light conditions is involved in the physiological control of sleep.\[[@ref6]\] The intrinsically photosensitive retinal ganglion cells (ipRGCs) play a major role in nonimage-forming photoreception like regulating circadian photic entrainment.\[[@ref7]\] The release of melatonin from the pineal gland is controlled by a retinohypothalamic tract pathway originating from these ipRGCs\[[@ref40]\] containing melanopsin (having a peak sensitivity of approximately 482 nm, that is, longer wavelength blue-turquoise light).\[[@ref38]\] The bright light of a computer screen may suppress melatonin secretion and delay the onset of sleep.\[[@ref41]\]

Blue light emitted by digital devices has also been implicated as a cause of digital eye strain.\[[@ref28]\] In addition to the above proposed mechanisms, the role of electromagnetic fields emitted by mobile phones on sleep should also be taken into account. It has been reported that evening exposure to electromagnetic field influences sleep quality, attributing this to its probable modulatory effects on the circadian pacemaker; it may also result in altered cerebral blood flow and brain electrical activity.\[[@ref16]\] Exposure to mobile phone emissions at night time could have an effect on melatonin onset time.\[[@ref42]\] Electromagnetic field produced due to electrical appliances may play a significant role in influencing the circadian system, because a substantial number of studies demonstrated the changes in melatonin and cortisol secretion (two major markers of the circadian system) as well as in sleep after exposition to these fields.\[[@ref43]\] In addition, physical discomfort such as muscle pain and headaches can be caused due to long hours engaged in mobiles, laptops, etc., hampering sleep.\[[@ref44]\]

It has been shown that late-night smartphone usage reduced the amount and quality of sleep, increased fatigue the next morning and consequently, led to diminished work engagement the next day.\[[@ref45]\] Sleep deprivation affects mental, social, and physical health.\[[@ref32][@ref35][@ref46]\] Sleep being a significant biological mechanism regulating mood,\[[@ref45]\] students with disrupted sleep because of technology use may be more prone to experiencing markers of depression such as loss of energy, concentration problems, and daytime sleepiness.\[[@ref30]\] Poor sleep affects cognitive and learning abilities which in turn lowers academic performance.\[[@ref31][@ref46]\]

Limitations {#sec2-4}
-----------

One of the limitations of the study was that this was a cross-sectional study; hence, it just presented a snapshot regarding CVS at one point in time without giving much idea about the causative factors. The symptoms were only self-reported, and there was no ophthalmic examination to make the diagnosis of CVS (especially when CVS is a diagnosis of exclusion today as almost everyone is working on computers).\[[@ref29]\]

CONCLUSIONS {#sec1-5}
===========

There is low level of awareness and knowledge about CVS among medical students. There is need to translate knowledge into practice. CVS is significantly associated with poor sleep quality in medical students.

Recommendations {#sec2-5}
---------------

The level of awareness and knowledge of CVS among medical students can be increased by incorporation of the topic of CVS and related ergonomics in the 1^st^ year MBBS itself by revision of medical syllabus. Sleep education programs should be held as there is a need to improve sleep hygiene (behavior improving quality and quantity of sleep).

Further investigation on the pathophysiological effects on exposure to electronic devices is warranted because the acute responses to the short-wavelength light emitted by them may be just the tip of iceberg and may have longer-term health effects than previously considered.
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